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Part 1:Data Source and Average M ethods

Data Sour ce:
Surface DOE ARM measurements and retrievals

Satellitee TERRA MODIS cloud properties

L ocation:
DOE ARM SGP Site: Oklahoma
DOE ARM NSA Site: North Slope Alaska

Time Period:
SGP Site: From Nov. 2000 to Dec. 2001
NSA Site: From April to Oct. 2000



Data Source at SGP site (Day)

Surface 3km wind strip  30x30km?

Total (cases) 119 119 106
Optically thin 43 43 36
Optically thick 76 /6 70

Single layer Microphysics.

Stratus 21 Al 18

Mid 20 19 15

Cirrus 19 19 17

Multi-layer Microphysics:
Stratus 17 17
Mid 8 8

o b~



Data Source at SGP site (night
Surface 3km_wind strip  30x30km?

Total (cases) 121 119 105
Optically thin 61 59 47
Optically thick 60 60 58
Single-layer Microphysics:

Stratus 8 8 8
Mid 18 18 12
Cirrus 42 42 35

Multi-layer Microphysics:
Stratus 9
Mid 5
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Data Source at NSA site (Day)

Surface 3km wind _strip  30x30km?

Total (cases) 128 113 119
Optically thin 32 29 27
Optically thick 96 84 92
Single layer Microphysics.

Stratus 65 55 62

Mid 17 15 13

Cirrus 0 9 4



Surface and Satellite average methods

Surface:
The surface data were averaged over an hour
centered at thetime of the TERRA overpass.

MODIS:

Method 1 (old): The MODI S cloud productswere
aver aged in a 30-km x 30-km spatial resolution
centered on the ARM SGP site.

Method 2 (new). The MODI S cloud productswere
aver aged along 3km wind strip over an hour
centered at thetime of the TERRA overpass based
on ECMWF wind speed and direction.




What’ s difference between Methods 1 & 2
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t 2. SGP, day & night, optically
thic thin cloud height and
perature




Optically thick Optically thin
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SFC_MODIS_SGP_Cloud_Height_3km Strip
daytime, 200011-200112, optically thick

SFC_MODIS_SGP_Cloud_Height_30x30km
daytime, 200011-200112, optically thick
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SFC_MODIS_SGP_Cloud_Temp_3km Strip

daytime, 200011-200112, optically thick
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Daytime optically thick clouds at the ARM SGP Site (T >5)

Height_3km_Wind_Strip
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SFC_MODIS_SGP_Cloud_Height_3km Strip
night, 200011-200112, optically thick

SFC_MODIS_SGP_Cloud_Height_30x30km
night, 200011-200112, optically thick
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SFC_MODIS_SGP_Cloud_Temp_3km Strip
night, 200011-200112, optically thick
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Nighttime optically thick clouds at the ARM SGP Site (1 >5)

Height_3km_Wind_Strip
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SFC_MODIS_SGP_Cloud_Height_3km Strip
daytime, 200011-200112, optically thin
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daytime, 200011200112, optically thin
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Most MODI S heights arelower than surface derivec
cloud center, some are lower than cloud base height.



SFC_MODIS_SGP_Cloud_Temp_3km strip
daytime, 200011-200112, optically thin

Temperature, K

SFC_MODIS_SGP_Cloud_Temp_30x30 km
daytime, 200011200112, optically thin
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Most MODI Stemps are higher than surface mean
temps, some are higher than cloud base temp.
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Daytime optically thin clouds at the ARM SGP Site (1 <5)
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SFC_MODIS_SGP_Cloud_Height_3km Strip

night, 200011-200112, optically thin

1 OO+ 42

16.0 -
14.0f o
12.0+ Ons

10.0 4%
8.0 m
E.ﬂ B D 51
40 Oss v

201 O

ﬂ ﬂ - A ———.

mweNe R i N RN RYEE ARSI NN SR

Samples

SFC_MODIS_SG P,_,_'CIBUd_HE'I'-ghL}ﬂI 30km
night, 200011-200112, optically thin
16.0 O af
14.0+ r

u.ﬂ- WT Dm
10.07 Aas oz

gl A a N
J.ﬂ' DH“ . D
4.0} O« -

2.0
0r

Height, km

L Y |

£

=

Meight, km

TwMNYeERGEERERREEN B BEUAYER

Problem: Some M ODI SBff. Cloud helghts are
higher than surface derived cloud top heights



SFC_MODIS_SGP_Cloud_Temp_3km Strip
night, 200011-200112, optically thin
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Nighttime optically thin clouds at the ARM SGP Site (1 <5)
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SFC_MODIS_SGP_Cloud_Height_3km Strip
daytime, 200011-200112, stratus
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SFC_MODIS_SGP_Cloud_Height_3km Strip
” IIlla:la]‘vlirrli.!, 200011-200112, middle clouds
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daytime, 200011-200112, mid clouds
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SFC_MODIS_SGP_Cloud_Height_3km Strip
daytime, 200011-200112, broken cirrus
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3. SGP, day & night single layer
stratus, mid, and cirrus cloud
Icrophysics




Daytime stratus douds at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Nighttime stratus clouds at the ARV SGP Site (Nov. 2000 to Dec. 2001)
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Daytime middle clouds at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Nighttime middle clouds at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Daytime cirrus clouds at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Nighttime cirrus clouds at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Part 4. SGP, day & night
er stratus and mid cloud
Icrophysics
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Daytime stratus douds (2 layers) at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Nighttime stratus clouds (2 layers) at the ARM SGP Site {(Nov. 2000 to Dec. 2001)
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Daytime middle douds (2 layers) at the ARM SGP Site (Nov. 2000 to Dec. 2001)
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Part 5. NSA, day optically thick & thin
cloud height and temp.

Day, single-layer stratus and mid cloud
microphysics



SFC_MODIS_NSA_Cloud_Height_3km Strip
dayﬁme 200004-200010, optically thick

) e

8.0+
£ :
o 6.0
< 40
X C pL amF.

2.0k 7T B B

- u | 1k _l"*'
¥ el — ' “
“““EEEEH“S# £y Qﬁﬁﬁﬂm Eﬂadaﬁﬁﬁﬁﬁf
Samples
SFC_MODIS_NSA_Cloud_Height_30x30km
darﬁme. ZW—Zﬂﬂﬂlﬂ. optically thick

10.0 e |
E
=
£
o
K
-~

T G O o zaaaaamagaf
Samples



SFC_MODIS_NSA_Cloud_Temp_3km Strip
daytime, 200004-200010, optically thick
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Daytime optically thick clouds at the ARM NSA Site (1 >5)
Height_30x30 km®

Height_3km_Wind_Strip

— 12 T T T T T T T
= I
== I
R
ak}
SN X a0, _
2 | Sy ®
S )
& 3 &
o [ % ® Top—Eff.=0.59
5 | ’)gf‘-' "'”;’M Mean—Eff.=—0.45)
Lo 0 "“" T B R
0 3 B a9 12
MODIS Eff. Cloud Height (km)
Temp 3km_Wind Strlp
37 —
DQ .Top Eff——13 ]
pr— ) , 4
% a0 [ Mean—-Eff.=4.6 < )
i . |
260 | o -
: o g
o
I A - .
o 290 L ._‘ L
EED 24'1] 260 230

Most M C“fﬁff§ EffCl oud heig

— 12
=
2
5 YT
ai]
I
3 6
=
L]
L S |
E ) y ® Top-Eff.=—0.18 -
@ GL{“:‘_ & Mean-Eff.=—1.22
£ 3 5 9 12
MODIS Eff. Cloud Height (km)
Temp_30x30 km'
300 ——
DE | @ Top-Eff.=1.6
g oa0 | Mean—Eff.:T.d,.:_‘, ;
@ ’ ";w
S 260 4 _
o ‘_’“
]
3 240 [ '. o ]
E &
[ -
o 22[:, | ﬁ Lo 0 .
240 260 289
1f” sareove’ éétl mated

for low clouds, and reasonable for high clouds.
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SFC_MODIS_NSA_Cloud_Temp_3km Strip
daytime, 200004-200010, optically thin
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Daytime optically thin clouds at the ARM NSA Site (1 <5)
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Daytime stratus clouds=s at the A RB NS A Site (A pril to Oct. 20000

S0 g e R Surface=1 0.8
’g 25 F —_ ¥ 4— W"Wind=11.7
= = I e 1— 3I0ox3I0o=121
R s = e =
B 15 | % e A [ Al s
€ —F = Sil—— ,,-'ﬁ:ﬂ T 2 11 %
% 10 e e SSSoye E. : BRasss
= g . —r G - E
n = . | =
C:' 1 1 1 M 1 1 1
O A0 20 =0 A0 S0 S0
=0 - il L e B R Surface=13%_0
100 F —_ J— Wind=18.5
= C . 11— 30x30=22.8
— 20 B —_— -
'::L-:' - T -
= .
= Y BT —— — [
5 40 F | ‘—ﬂtwﬂ A [ =
=20 _—1'] Irm q J_% Lrt ]I - 'I[ ! T " ‘3':,
i - L e = = S ! = — =] —f‘I = |
o I g=! = S5E 3 =— —1%&&? _j
O A0 20 =0 A0 S0 S0

BGG_""I"'I"'I""I"' """ T

. Surface=95
. ] — "Wind=131

:zz ﬁiﬁ\ T
Nl e L o e T
MODISr,valuesaretleseto surface, BUT t

and LWP are higher than surface

WP (g™

i




=20
25
20
1%
w10

MODIS)

100

=20

(SR

0

z20

Optical depth (MODIS)

=200

oo

00

LWP (MODIS)

200

Iavtitme stratus clowds at the

R S0 s ) [ S D (N S5 S50 s . oe P 6 DRSS OF (- S O LR e St 2
- orr{sSurface, VWind)i=>0 ]
= Corrg‘:?-urface, SOFI =020 3
B - ’ 5
- - 3
o o 10 15 20 =5 S0
L LSurface)
B T LR U R R P I . DR e S T
- Cgrr{Surface, TWind)= i
__’ (;Drr{Surglce, SOOI =04 5]
4 - ]
S, 1
- < 7
F el s aeilies 2] cqmewren e o
o =0 <0 =0 =20 100
Cptical depth (Surmace)
B CorrdSurface, ¥YWind =031}
1l ’CDrr{Surface, JIORIFG=0.3H
| - -
: *
L 1 M M 1 L L 1 L M
o =200 <00 o0 200

LW F (Surmace)

Frequency
S
L O 5 R Y O |

Frequency
© L8 e E D
% ' T S 4 ) B )

Fraguency
co oo o oo
0 L% R S R O 42 N 4

S

April to Oct. 2000
[ .

ARM INSA Site

0 [ e 325 S [ R0 o i) G B S e P S s O S O
Surface

— WWindl ]

— JI0=30 -

_|—|=I—. L

i

< 2 12 15 20 24
Effective radius (pum)

EET IroE . ToZoal Laloar Infaal ¢

Suarface _
— %Wind 1
— FOx3I0 T

40 B0 20

Cptical depth

20

Surface _
— WWind

— S30=30

o0



Daytime middle clouds at the ARM NSA Site (April to Oct. 2000)
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Again, 30x30 have higher Correlationsthan Wind



Conclusions

1. 3km Wind strips can detect more cloud casesthan
30x30 km?2 box if surface measur ements ar e baseline.

2. Both Wind strip and 30x30 Eff. Cloud heightsare
within surface measured cloud boundaries (day/night,
optically thick/thin).

Based on cloud types:

Good agreement for solid cirrus and mid clouds.

MODI S Eff. Cloud heights are overestimated
for low clouds, and under estimated for broken cirrus.

3. For low and mid s, Wind aver ages agr ee to sur face

values better than 30x30 km, BUT with much lower ceorrs.
For cirrusnms, MODI S values agreeto surface, but t and
|WP are much higher than surface, with fair correlations



Conclusion (cont)
4. MULTI-layer clouds
For stratusns, Wind r , values agree well to surface, BUT
t and LWP are much smaller than surface
For Mid s, Wind aver ages agr ee well to surface values
than 30x30 km, BUT with much lower corr.

5. NSA Site height/temp and microphysics

Most optically thin and thick higher cloud height and
temp, MODI Sresults agree well to surface.

~or low cloud height and temp, most MODI S Eff. Cloud
neights are overestimated, same as its SGP comparison.
~or stratusns, MODISr_arecloseto surface, BUT t
and LWP are higher than surface.

For Mid nms, MODI Sresults agree reasonable well to
surface. Again, 30x30 have higher correlationsthan Wind
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